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(57) The invention provides a process for preparing 
a styrene/(meth)acryl multi -component copolymer, the 
process comprising subjecting to aqueous solution 
polymerization a monomer mixture in the presence of a 
water-insoluble radical polymerization initiator in a sol- 
vent mixture of water and a lower alcohol, the monomer 
mixture comprising (1) 30 to 50 mole% of a styrene 
compound, (2) 5 to 20 mole% of half ester of ct,p- 
unsaturated dicarboxylic acid or a salt thereof, (3) 35 to 
55 mole% of (meth)acrylic acid or a salt thereof, and (4) 
less than 10 mole% of (meth)acrylic acid ester having 
an alkyl group of 1 to 8 carbon atoms; the sty- 
rene/(meth)acryl multi-component copolymer produced 
by the process: and a surface sizing agent for paper, the 
surface sizing agent containing the copolymer. The sur- 
face sizing agent containing the multi -component copol- 
ymer prepared by the process of the invention exhibits 
excellent sizing property and can be easily used on an 
apparatus since substantially no foaming occurs in 
application. 
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Description 

Technical Fietd 

s The present invention relates to a process for preparing a styrene/(meth)acryl multi-component copolymer, the sty- 

rene/(meth)acryl multi-component copolymer prepared by the process and a surface sizing agent for paper, the agent 
containing the copolymer. 

Background Art 

10 

Aqueous solutions of styrene/(meth)acrylic acid copolymers, styrene/maleic acid copolymers or the like have been 
known as a surface sizing agent for paper. For example, Japanese Unexamined Patent Publication No.102906/1974 
discloses a multi-component copolymer of styrene/maleic acid half ester/(meth)acrylic acid, and Japanese Unexam- 
ined Patent Publication No. 71205/1974 discloses a multi-component copolymer of styrene/maleic acid mono- 

is mer/acrylic acid ester. However, these copolymers are highly foamable and are unsatisfactory in sizing effect. For 
example, when surface sizing agents containing these copolymers are applied to base paper, there arises a problem of 
application efficiency being readily reduced due to foaming. Another drawback is that a transfer toner is low in adhesion 
to electrophotography paper coated with the surface sizing agent. 

Of processes frequently employed for preparing copolymers, solution polymerization in an alcohol solvent neces- 

20 sitates the removal of a considerable amount of alcohol to produce an unhazardous product and is disadvantageous 
also in terms of production efficiency. 

Disclosure o f the Invention 

25 A main object of the present invention is to provide a styrene/(meth)acryl multi-component copolymer which can be 
efficiently produced and which is excellent in sizing effect, proper in low foamability and useful as a surface sizing agent. 

In the foregoing present situation, the inventor of the present invention conducted extensive research and inferred 
that the defects of copolymers conventionally used as a surface sizing agent may be derived from the processes for pre- 
paring the copolymers. Stated more specifically, the solution polymerization in an alcohol solvent, among the processes 

30 heretofore predominantly used, entails difficulty in producing a copolymer having a hornogeneous.structure because 
the constituent monomers of the multi-component copolymer are different in hydrophilicity among them. Consequently 
the obtained copolymer is likely to produce an unsatisfactory sizing effect. On the other hand, the copolymer produced 
by emulsion polymerization displays high foamability and produces a low sizing effect presumably due to the emulsrf ier 
present in the obtained copolymer. Thus, after various investigations, the inventor found the following. When polymeri- 

35 zation is performed under much limited conditions, namely using a specific monomer mixture comprising specific pro- 
portions of a styrene compound, half ester of ct.p-unsaturated dicarboxylic acid or its salt, (meth)acrylic acid or its salt 
and lower ester of (meth)acrylic acid, and subjecting them to aqueous solution polymerization in the presence of a spe- 
cific polymerization initiator in a specific solvent mixture, a multi-component copolymer is efficiently produced, the 
copolymer having much lower foamability than conventional surface sizing agents, producing a high sizing effect and 

40 bringing about the enhanced adhesion of a toner to finished paper. The present invention has been completed based 
on these findings. 

According to the present invention, there is provided a process for preparing a styrene/(meth)acryl multi-compo- 
nent copolymer, the process comprising subjecting to aqueous solution polymerization a monomer mixture in the pres- 
ence of a water-insoluble radical polymerization initiator in a solvent mixture of water and a lower alcohol, the monomer 
45 mixture comprising (1 ) 30 to 50 mole% of a styrene compound, (2) 5 to 20 mole% of half ester of a,p-unsaturated dicar- 
boxylic acid or a salt thereof, (3) 35 to 55 mole% of (meth)acrylic acid or a salt thereof, and (4) less than 10 mole% of 
(meth)acrylic acid ester having an alkyl group of 1 to 8 carbon atoms. 

According to the invention, there is also provided the styrene/(meth)acryl multi-component copolymer produced by 
the foregoing process. 

so According to the invention, there is further provided a surface sizing agent for paper containing the foregoing multi- 
component copolymer. 

Throughout the specification, the term "(meth)acryl multi-component copolymer" refers to methacryl multi-compo- 
nent copolymer or acryl multi-component copolymer, and the terms "(meth)acrylic acid" and "(meth)acrylic acid ester" 
refer to methacrylic acid or acrylic acid and methacrylic acid ester or acrylic acid ester, respectively. 
55 Styrene, a-methylstyrene and the like are representative of the styrene compound (hereinafter referred to as "mon- 
omer (1)") as one of the essential constituent monomers for the styrene/(meth)acryl multi-component copolymer pre- 
pared by the process of the present invention. The proportion of the monomer (1 ) used is about 30 to about 50 mole%, 
preferably 35 to 45 mole%. based on the monomer mixture as the starting component These styrene compounds can 
be used either alone or in combination. 
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Concerning the haff ester of ap-unsaturated dicarboxylic acid or a salt thereof (hereinafter referred to as "monomer 
(2)") as one of the essential constituent monomers, the half ester of a.p-unsaturated dicarboxylic acid is a half ester of 
a dicarboxylic acid or an anhydride thereof with an alcohol, examples of the dicarboxylic acid being maleic acid, fumaric 
acid, itaconic acid, crtraconic acid, etc. 

5 Alcohols useful for forming the half ester are not specifically limited, preferably alicyclic monohydric alcohol, aro- 

matic monohydric alcohol, and aliphatic monohydric alcohol having 1 to 8 carbon atoms. Specific examples of such 
alcohols are n-propyi alcohol, isopropyl alcohol, n-butyl alcohol, iso-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, 
pentyl alcohol, hexyl alcohol, cyclohexyl alcohol, octyl alcohol, 2-ethylhexyl alcohol, benzyl alcohol, etc. These alcohols 
can be used either alone or in combination. 

10 Examples of the salt of half ester of a,p-unsaturated dicarboxylic acid are sodium salt potassium salt and like alkali 
metal salts, ammonium salt, aliphatic amine salt having 1 to 12 carbon atoms, alkanolamine salt, etc. These salts can 
be used either alone or in combination. Of these salts, sodium salt, potassium salt, ammonium salt and the like are pre- 
ferred. 

The half esters of a,p-unsaturated dicarboxylic acid and salts thereof as the monomer (2) can be used either alone 

is or in combination. The proportion of the monomer (2) used is about 5 to about 20 mole%, preferably 10 to 15 mole%, 
based on the monomer mixture as the starting component. 

The (meth)acrylic acid or a salt thereof (hereinafter referred to as "monomer (3)") as one of the essential constitu- 
ent monomers is used to solubilize the obtained copolymer. The same species of salts as given above for the monomer 
(2) can be used as the component (3), namely sodium salt, potassium salt and like alkali metal salts, ammonium salt, 

20 aliphatic amine salt having 1 to 12 carbon atoms, alkanolamine salt, etc. These salts can be used either alone or in 
combination. Of these salts, sodium salt, potassium salt ammonium salt and the like are preferred. 

The (meth)acrylic acids and salts thereof as the monomer (3) can be used either alone or in combination. The pro- 
portion of the monomer (3) used is about 35 to about 55 mole%. preferably 40 to 50 mole%. based on the monomer 
mixture as the starting component. 

25 The (meth)acrylic acid ester having an alkyl group of 1 to 8 carbon atoms (hereinafter referred to as "monomer (4)") 
which is used as an optional monomer in the invention is an ester of an alcohol component having 1 to 8 carbon atoms 
with (meth)acrylic acid. Specific examples are methyl (meth)acrylate. ethyl (meth)acrylate. n-propyl (meth)acrylate, iso- 
propyl (meth)acrylate. n-butyl (meth)acrylate, iso-butyl (meth)acrylate. sec-butyl (meth)acrylate. tert-butyl (meth)acr- 
ylate, pentyl (meth)acrylate, hexyl (meth)acrylate, heptyl (meth)acrylate, octyl <meth)acrylate, 2-ethylhexyl 

30 (meth)acrylate, etc. These esters can be used either alone or in combination. When the (meth)acrylic acid ester is pre- 
pared using an alcohol of more than 8 carbon atoms, the resulting surface sizing agent shows reduced sizing property 
and high fbamability. The proportion of the monomer (4) used is approximately less than 10 mole%, preferably 0.5 to 5 
mole%, based on the monomer mixture as the starting component. 

In the invention, it is essential that aqueous solution polymerization be carried out using as a solvent a solvent mix- 

35 ture of water and a lower alcohol, and as a polymerization initiator a water-insoluble radical polymerization initiator in 
order to produce the contemplated styrene/(meth)acryl multi -component copolymer. Since the solvent mixture of water 
and a lower alcohol is used as the solvent, the obtained copolymer is excellent in homogeneity and well balanced in 
hydrophilicity and hydrophobicity. Further, during the polymerization reaction, such solvent mixture prevents the pro- 
duced polymer from deposition and precipitation from the solvent phase and prevents the polymer from becoming het- 

40 erogeneous which would occur owing to the buildup of block structure in the molecules of produced polymer. The water- 
insoluble radical polymerization initiator used herein also contributes to the formation of a highly homogeneous copol- 
ymer. If a persulfate such as potassium persulfate, ammonium persulfate or the like or a water-soluble azo compound 
is used in place of the water-insoluble radical polymerization initiator, it is likely that a heterogeneous multi-component 
copolymer with poor sizing property is produced. Hence these initiators are unsuitable. 

45 According to the invention, the polymerization reaction is conducted under such limited conditions to give a sty- 
rene/(meth)acryl multi-component copolymer showing low foamability, imparting an excellent sizing effect to paper and 
bringing about higher adhesion of a toner to finished paper, that is. a copolymer with remarkable properties as a surface 
sizing agent 

Examples of the lower alcohol as the constituent of said solvent mixture include ethyl alcohol, n-propyl alcohol, iso- 
so propyl alcohol, etc. Of these alcohols, isopropyl alcohol is the most suitable. The solvent mixture has a composition 
wherein the lower alcohol accounts for 20 to 60% by weight, preferably 30 to 50% by weight, based on the total amount 
of the monomer mixture, and water accounts for 20 to 120% by weight, preferably 30 to 100% by weight, based on the 
total amount of the monomer mixture. While a ratio of water to a lower alcohol can be properly selected within said 
range, a preferred water : lower alcohol ratio (weight ratio) is 4 : 1 to 2 : 5. 
55 The water-insoluble polymerization initiator for use in the invention includes water -insoluble azo compounds, water- 
insoluble organic peroxides, etc. Among these initiators, more specific examples of water-insoluble azo compounds are 
2,2 , -azobisisobutyronitrile. 2,2'-azobis-2,4-methylvaleronitrile. etc., and more specific examples of water-insoluble 
organic peroxides are benzoyl peroxide, cumene hydroperoxide, tert-butyl hydroperoxide, dicumyl peroxide, lauryl per- 
oxide, etc. The amount of the water-insoluble polymerization initiator used can be properly selected according io the 
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polymerization rate, the molecular weight of the obtained copolymer and other factors. A suitable range is about 0.1 to 
about 5% by weight based on the total monomer. 

In the invention, it is essential that the total amount of the water-insoluble polymerization initiator be admixed with 
a homogeneous solution of the total monomer in the solvent mixture to effect polymerization reaction. If the polymeria 
5 zation initiator is continuously or intermittently added dropwise or supplied dividedly in the polymerization reaction, it 
would be difficult to obtain the contemplated multi-component copolymer excellent in homogeneity. Hence these meth- 
ods are undesirable. 

The multi-component copolymer of the invention can be prepared, for example, by the following process. 

First, a homogeneous solution of said monomers (1) to (4) in the solvent mixture and the total amount of the water- 

w insoluble polymerization initiator are charged into a reactor and thoroughly mixed. Then, the reaction system is heated 
in the presence of inert gas to effect aqueous solution polymerization under reaction conditions of a temperature of 
about 80 to about 100°C for about 1 to about 10 hours. Useful inert gases are nitrogen, carbon dioxide, argon, etc. A 
chain transfer agent such as mercaptan or the like can be used in the polymerization. 

The obtained multi-component copolymer has a weight-average molecular weight of about 1.000 to about 

15 1 ,000,000, preferably 2,000 to 100,000. When the weight-average molecular weight is less than 1 ,000, the sizing effect 
is not satisfactory, whereas above 1 ,000,000, the aqueous solution of the polymer tends to excessively increase in vis- 
cosity to an extent of reducing the application efficiency. 

The surface sizing agent of the invention is an aqueous solution containing the multi-component copolymer pro- 
duced by said process as an active ingredient The multi-component copolymer produced by said process is used as a 

20 surface sizing agent either by itself or by dilution with water to a suitable concentration without or after isolation. 

For use as a surface sizing agent, the multi-component copolymer prepared by the process of the invention is pro- 
vided in the form of a completely neutralized salt or a partially neutralized salt with a neutralization degree of about 50%. 
or mora When the monomer (2) or (3) among the starting monomers is used in the form of a salt, the produced multi- 
component copolymer per se can be used as an active ingredient of the sizing agent. When the neutralization degree 

25 is increased or when the monomer used is not a salt, a salt may be formed from the copolymer produced by the polym- 
erization. To form a salt after polymerization, the required basic compound may be added to the aqueous medium con- 
taining the copolymer. Useful species of the salt include sodium salt, potassium salt and like alkali metal salts, 
ammonium salt, aliphatic amine salt having 1 to 12 carbon atoms, alkanolamine salt, etc. which are exemplified above 
for the salts of the monomers (2) and (3). These salts can be used either alone or in combination. Of these salts, sodium 

30 salt, potassium salt, ammonium salt and the like are preferred. 

The concentration of the multi-component copolymer in the surface sizing agent of the invention is not specifically 
limited. The surface sizing agent may be diluted with water to a suitable concentration according to the kind of base 
paper, the contemplated application amount, etc. Usually the surface sizing agent is used as an aqueous solution hav- 
ing a concentration of the multi-component copolymer solids in the range of about 0. 1 to about 0.5% by weight. 

35 Optionally the surface sizing agent of the invention may contain oxidized starch, sodium alginate, carboxy methyl 
cellulose, acrylamide polymer, polyvinyl alcohol and the like in addition to said copolymer. After these components are 
mixed with the aqueous solution containing the multi-component copolymer, the mixture is used as a surface sizing 
agent These optional components can be used either alone or in combination. The amounts of the components used 
are approximately the same as used in conventional surface sizing agents. The total amount of these optional compo- 

40 nents can be generally about 5 to about 30 times the weight of the copolymer (based on the solids). 

The base papers to be coated with the surface sizing agent of the invention are not specifically limited and the 
selection is not affected by pulps, fillers, internal sizing agents, pH in papermaking, paper-strengthening agents, reten- 
tion aid. etc. Examples of such base papers are those useful for woodfree papers or coated papers and made under 
acidic conditions, those useful for woodfree papers or coated papers and made under neutral conditions by incorporat- 

45 ing therein an Internal sizing agent such as alkyl ketene dimer, alkenyl succinic anhydride or the like, those useful for 
liners, and so on. The surface sizing agent of the invention can be suitably used also for base papers containing recov- 
ered wastepaper. 

The surface sizing agent of the invention is applied to the foregoing various base papers by conventional coating 
methods such as immersion coating, size press coating, calender coating, spray coating and the like. The application 

so amount of the sizing agent based on the solid content of the multi-component copolymer is about 0.001 to about 5 g/m 2 
preferably about 0.005 to about 1 g/m 2 . 

The process for preparing the multi -component copolymer according to the invention can efficiently produce a spe- 
cific styrene/(meth)acryl multi-component copolymer which is useful as an active ingredient of a surface sizing agent. 
The obtained copolymer is highly soluble in water, and the surface sizing agent containing the copolymer as an active 

55 ingredient exhibits excellent sizing property and can be easily used on an apparatus because substantially no foaming 
is involved in application. Well sized papers can be readily provided by application of said surface sizing agent. A toner 
is excellent in adhesion to electrophotography papers coated with the surface sizing agent of the invention. 
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Best Mode tor Carrying Out the Invention 



The present invention is described below in more detail with reference to the following Examples and Comparative 
Examples to which the present invention is not limited at all. The percentages and parts in the Examples are all by 
weight unless specifically indicated. 

Example 1 

A flask equipped with a stirrer, condenser, dropping funnel, nitrogen inlet tube and thermometer was charged with 
83.4 parts (40 mole%) of styrene, 31 .7 parts (10 mole%) of half ester of maleic anhydride with isopropyl alcohol (monoi- 
sopropyl maleate), 77.5 parts (45 mole%) of methacrylic acid, 12.8 parts (5 mole%) of butyl acrylate, 69.8 parts of iso- 
propyl alcohol, 69.8 parts of water and 6.2 parts of 2,2'-azobisisobutyronitrile. The mixture was heated at 80 to 85°C for 
5 hours with stirring in a nitrogen stream. 

To the obtained reaction product was added water and 74.4 parts of 28% aqueous ammonia for neutralization (in 
an amount to achieve 135% neutralization degree of free carboxyl group), whereby an aqueous solution of water-solu- 
ble multi-component copolymer having a nonvolatile content of 20.5% was obtained. 

The obtained aqueous solution gave a yellow transparent appearance, and had a pH of 9.0 and a viscosity of 1200 
cps at 25°C. Table 1 below shows the compositions of monomers, solvents and polymerization initiators (catalyst). The 
amounts of the solvent and the catalyst are expressed in parts by weight per 100 parts of the monomer mixture. Table 
2 shows the solubility of the resin and other characteristics in the aqueous solution after neutralization with ammonia. 

Examples 2-8 

The same reaction as in Example 1 was repeated with the exception of using the monomers shown in Table 1 with 
the indicated compositions; whereby each mufti-component copolymer was produced. An aqueous solution of each 
multi-component copolymer with the nonvolatile content as shown in Table 2 was obtained by adding to the solution of 
the multi-component copolymer water and 28% aqueous ammonia in amounts sufficient to achieve 1 35% neutralization 
degree of free carboxyl group in the multi-component copolymer. Table 2 shows the solubility of the resin and other 
characteristics in the aqueous solution after neutralization with ammonia. 

Comparative Examples 1 -9 

The same reaction as in Example 1 was repeated with the exception of using the monomers shown in Table 1 with 
the indicated compositions, whereby each murti-component copolymer was produced. An aqueous solution of each 
multi-component copolymer with the nonvolatile content as shown in Table 2 was obtained by adding to the solution of 
the multi-component copolymer water and 28% aqueous ammonia in amounts sufficient to achieve 1 35% neutralization 
degree of free carboxyl group in the muiti -component copolymer. Table 2 shows the solubility of the resin and other 
characteristics in the aqueous solution after neutralization with ammonia. Since the solubility of the resin was poor after 
the addition of ammonia in Comparative Examples 1, 3, 8 and 9, it was impossible to evaluate the characteristics of the 
reaction product. 
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Table 1 





Monomer Composition (mole%) 


Solvent (part) 


Catalyst 
(part) 




(1) 


(2) 


(3) 


(4) 


IPA 


Water 




Example 1 


St 40 


MAIPA 10 


BA 5 


MAA 45 


34 


34 


AIBN 3 


Example 2 


St 40 


MAIPA10 


BA5 


MAA 45 


48 


96 


AIBN 2 


Example 3 


St 40 


MAIPA 15 




MAA 45 






AIBN 3 


Example 4 


St 40 


MAIPA 10 


2EHA5 


MAA 45 






AIBN 3 


Example 5 


St 40 


MAEt 10 


BA 5 


MAA 45 






AIBN 3 


Example 6 


St 40 


MABt 10 


BA5 


MAA 45 






AIBN 3 


Example 7 


St 40 


MA2EH 10 


BA5 


MAA 45 






AIBN 3 


Example 8 


St 40 


MAIPA 10 


BA 5 


MAA 45 






BPEH 4 


Comp. Ex. 1 


St 55 


MAIPA 5 


BA0.5 


MAA 39.5 


34 


34 


AIBN 3 


Comp. Ex. 2 


St 25 


MAIPA 20 


BA5 


MAA 50 






AIBN 3 


Comp. Ex. 3 


St 48 


MAIPA 19 


BA3 


. MAA 30 






AIBN 3 


Comp. Ex. 4 


St 33 


MAIPA 6 


BA 1 


MAA 60 






AIBN 3 


Comp. Ex. 5 


St 47 




BA3 


MAA 50 






AIBN 3 


Comp. Ex. 6 


St 35 


MAIPA 10 


BA15 


MAA 40 






AIBN 3 


Comp. Ex. 7 


St 40 


MAIPA 10 


LA 5 


MAA 45 






AJBN3 


Comp. Ex. 8 


St 40 


MAIPA 10 


BA 5 


MAA 45 


50 


130 


AIBN 3 


Comp. Ex. 9 


St 40 


MAIPA 10 


BA 5 


MAA 45 


34 


34 


APS 3 


St: Styrene 

MAI PA: Half ester of maleic anhydride with isopropyl alcohol 

MAEt: Half ester of maleic anhydride with ethyl alcohol 

MABt: Half ester of maleic anhydride with n-butyl alcohol 

NA2EH: Half ester of maleic anhydride with 2-ethylhexyi alcohol 

BA: n-Butyl acrylate 

2 EH A: 2-Ethylhexyl acrylate 

LA: Lauryl acrylate 

MAA: Methacrylic acid 

IPA: Isopropyl alcohol 

AIBN: 2,2 , -Azobisisobutyronitrile 

BPEH: t-8utyl peroxy 2*ethylhexanoate 

APS: Ammonium persulfate 
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Table 2 





Solubility 


Characteristics of reaction product 






Nonvolatile 


nH 
pn 




Appearance 






content (%) 








Example 1 


Good 


20.5 


9.0 


1200 


Yellow transparent aqueous solution 


Example 2 


Good 


ice 

15.5 


9.0 


310 


Yellow transparent aqueous solution 


Example 3 


Good 


20.5 


9.0 


1100 


Yellow transparent aqueous solution 


Example 4 


Good 


20.5 


9.0 


1725 


Yellow transparent aqueous solution 


Example 5 


Good 


20.5 


9.0 


1050 


Yellow transparent aqueous solution 


Example 6 


Good 


20.5 


9.0 


1450 


Yellow transparent aqueous solution 


Example 7 


Good 


20.5 


9.0 


2500 


Yellow transparent aqueous solution 


Example 8 


Good 


20.5 


9.0 


1800 


Yellow transparent aqueous solution 


Comp. Ex. 1 


Poor 


.... 








Comp. Ex. 2 


Good 


20.5 


9.0 


310 


Yellow transparent aqueous solution 


Comp. Ex 3 


Poor 










Comp. Ex. 4 


Good 


20.5 


9.0 


550 


Yellow transparent aqueous solution 


Comp. Ex. 5 


Good . 


20.5 


9.0 


2700 


Yellow transparent aqueous solution 


Comp. Ex. 6 


Good 


20.5 


9.0 


1450 


Yellow transparent aqueous solution 


Comp. Ex. 7 


Good 


20.5 


9.0 


3100 


Yellow transparent aqueous solution 


Comp. Ex. 8 


Poor 










Comp. Ex. 9 


Good 





















35 The above-obtained aqueous solutions of the multi-component copolymers were evaluated as the surface sizing 
agent by the following method. The results are shown in Table 3. 

Method of evaluation of sizing property 

40 (A) Base paper 

1 . Acidic paper 

Weighing 81 g/m 2 , StCckigt sizing degree 0 sec., chemical compound incorporated (ratio based on the pulp): talc 
45 20%, fortified rosin sizing agent (product of Arakawa Chemical Industries Ltd., trade name "SIZEPINE E H ) 0.05%, alu- 
minum sulfate 2.5% 

2. Neutral paper 

so Weighing 81 g/m 2 , St6ckigt sizing degree 0 sec., chemical compounds incorporated (ratio based on the pulp): cal- 
cium carbonate 20%, alkenyl succinic anhydride sizing agent (product of Arakawa Chemical Industries Ltd.. trade name 
"SIZEPINE SA 850") 0.05%. aluminum sulfate 0.5%. cationic starch 0.4%, anionic retention aid (product of Arakawa 
Chemical Industries Ltd.. trade name "KW-504") 0.01% 

55 (B) Surface Sizing 

Apparatus: Labo-size press 

Surface sizing agent: A mixture of an aqueous solution of each multi-component copolymer and a solution of oxi- 
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dized starch in such ratio that the application amount of oxidized starch calculated as solids was 1 .8 g/m 2 and the appli- 
cation amount of each copolymer calculated as solids was as shown in Table 3 below. 
Drying conditions: Rotary dryer operated at 110°C tar 1 minute 

5 (C) Evaluation of paper quality 

Stdckigt sizing degree: according to JIS P-8122 
Pen writing sizing test: according to the paper pulp test method of JAPAN TAPPI standard No. 12-76 

w 

Table 3 



□ose paper 


Acidic paper 


Neutral paper 


Application 
amount (g/m 2 ) 


0.060 


0.120 


0.060 


0.120 


0.060 


0.120 


0.060 


0.120 


Sizing degree 


Stackigt sizing degree 
(sec) 


Pen writing test 
(F/W) 


Stdckigt sizing degree 
(sec) 


Pen writing test 
(F/W) 


Example 1 


18.5 


30.5 


4/4 


6/5 


28.0 


45.2 


5/4 


6/6 


Example 2 


19.0 


30.9 


4/4 


6/5 


28.3 


44.8 


5/4 


6/6 


Example 3 


16.9 


28.0 


4/3 


6/5 


25.1 


41.0 


5/4 


6/6 


Example 4 


17.8 


30.2 


4/3 


6/5 


26.9 


43.1 


5/4 


6/6 


Example 5 


18.2 


31,0 


4/4 


6/5 


28.5 


46.3 


5/4 


6/6 


Example 6 


19.1 


32.1 


4/4 


6/5 


28.6 


45.5 


5/4 


6/6 


Example 7 


17,5 


29.8 


4/3 


6/5 


27.3 


44.3 


5/4 


6/6 


Example 8 


19.3 


30.7 


4/4 


6/5 


27.9 


45.4 


5/4 


6/6- 


Comp. Example 2 


2.0 


5.0 


1/1 


2/2 


10.2 


23.1 


3/3 


4/4 


Comp. Example 4 


2.3 


5.3 


1/1 


2/2 


11.3 


26.3 


3/3 


4/4 


Comp. Example 5 


6,2 


12.8 


2/2 


3/3 


18.4 


31.6 


4/3 


5/4 


Comp. Example 6 


3.0 


5.5 


1/1 


2/2 


11.8 


26.5 


3/3 


4/4 


Comp. Example 7 


10.8 


9.8 


3/2 


4/4 


20.1 


33.0 


4/3 


5/4 


Note: The application amount in the table is the solid content of the surface sizing agent. 



Claims 



1. A process for preparing a styrene/(meth)acryl multi-component copolymer, the process comprising subjecting to 
45 aqueous solution polymerization a monomer mixture in the presence of a water-insoluble radical polymerization ini- 
tiator in a solvent mixture of water and a lower alcohol, the monomer mixture comprising (1) 30 to 50 mole% of a 
styrene compound, (2) 5 to 20 mole% of half ester of a.p-unsaturated dicarboxylic acid or a salt thereof, (3) 35 to 
55 mole% of (meth)acrylic acid or a salt thereof, and (4) less than 10 mole% of (meth)acrylic acid ester having an 
alky! group of 1 to 8 carbon atoms, 

50 

2. The process according to claim 1 , wherein the monomer mixture contains the (meth)acrylic acid ester having an 
alkyl group of 1 to 8 carbon atoms in an amount of 0.5 to 5 mole%. 

3. The process according to claim 1 , wherein a homogeneous solution of said monomer mixture in th solvent mixture 
55 and the total amount of water-insoluble polymerization initiator is charged into a reactor and then the mixture is sub- 
jected to aqueous solution polymerization. 

4. The process according to claim 1 , wherein the lower alcohol in a solvent mixture is isopropyl alcohol. 
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5. The process according to claim 1, wherein the lower alcohol is used in an amount -of 20 to 60% by weight and the 
water is used in an amount of 20 to 120% by weight based on the total amount of the monomer mixture. 

6. The styrene/(meth)acryl multi-component copolymer produced by any one of the processes defined in claims 1 to 
5 5. 

7. A surface sizing agent for paper, the agent containing the styrene/(meth)acryl multi-component copolymer pro- 
duced by any one of the processes defined in claims 1 to 5. 

10 
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